Z(ee)+n Jets Analysis

>Samples and selection criteria
>Data & MC tuning

»Data vs MC
>Plans
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Samples and selection
criteria
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Samples

> Data: > MC:
> EMITRKskim > ZIGamma* > e'e +X 400k Pythia
> Single EMtriggers > Zj->egj: 150k Alpgen + Pythia
> Runrange: 20 April 2002 - 28 June > Zjj ->e€jj: 180k Alpgen + Pythia
2004 (Runs 151,817 - 194,566) > Zjjj -> esjji: 15k Alpgen + Pythia

Rejecting bad runs (CAL, SMT, CFT, ., progessed with ATHENA (v01-05-02)
Jet/Met, Luri)

323pb”

No T42 applied

Jetcorr vo.1

Processed with ATHENA (v01-05-02)
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Selection Criteria

Rermoving bad runs/LBNs & dupli events > Jet selection:
PVX cut: [z/<60om > 0.05<EMF<0.95
Using unprescaled single EM triggers > HotF <10
Hectron selection: > N9O>1
> |ID|=10,11 > CHF<04
. EONEO?: > Lloonf
> H I\/Ix(-7)<12 > JES corrected p >20GeV
> p>25GeV > |det_eta|<2.5
> det etal<1." > R_emoval of jets overlap_pipg
> Induding phi aradks \(/)\:tg jlectrons fromZwithindR

Z sdlection:
> 75GeV < Mee <105CeV

> Al least one trackmatched electron
> Al least one electron needs to fire the trigger
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Data & MIC tuning
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Z(ee)+n Jets (n=0,1,2,...): corrections

Hectrons Jts
Data | - Correct for data EM inefficiencies - ES5.1
- Correct for trigger inefficiencies
- Correct for data tracking inefficiencies
- Background subtraction
MC - Electron smearing - ES 5.1

- Correct for MC EM inefficiencies

- Correct for MC tracking inefficiencies

- Correct for difference in Z pT between
data and MC

- et smearing
- ket reco scaling factor

University of lllinois at Chicago
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Datavs MC

- Normalization between data and MC is wrt area (shape comparisons)
- 2 versions of plots: | 1trk 2trk
20GeV jets | | 25GeV jets
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1trk

20GeV jets Jet NllltlpllCltleS

diem_1trk_jetmult (Data)
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Inclusive # of jets | 0 1 2 3 4 5 6
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1trk

20GeV jets

Z(ee)+X: Electrons and Zs

Sample size = 12k events

[1st & 2nd elec pt (>= 0 jets)
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Z(ee)+X: Electrons and Zs

Sample size = 8k events

[1st & 2nd elec pt (>= 0 jets) ]
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ooy e Z(e€) + 21jet(s): Electrons and Zs

Sample size = 2k events MC = Zj Alpgen

e —— o | dieminvariant mass (1 track, >= 1jets)
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Z(ee) + >1jet(s): Electrons and Zs

Sample size = 800 events

[ st & 2nd elec pt = Tjet) |

S s e

S TV T

il e

o G, ... "R

O TN A N ... - L
P T T I (T Tl ]
Py (GeV)

[ isthndelecetafp=1jet) |

15
Rapidity

MC = Zj Alpgen

240__ .............. .............. .............. .....

W Bkasubdracted datll

220

r |:| etz M

200[ |

130; .............. ............ .............. .....
wo o Mgy
S O O 1 R
1200 o L —
ool A

| | 1111 | 1 11 1 | 1 111 | 1111 | | |l-‘
75 80 85 90 95 100 105
M,, (GeV)

Mass = 91.38 GeV
Width = 3.84 GeV

Marc Buehler

DO Collaboration Meeting ~ 12-09-04 12



;;rcis(ev jets Z(ee) +2 1jet(5) Jets

| diem_1trk_jet_pt_1jet | diem_1trk_jet_eta_ljet | | diem_ 1trk_jet_phi_1jet |
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zie:srcia(ev jets Z(ee) +2 1jet(3) Jets

| Jet pT (== 1 jet) I | Jet Eta (== 1 jet) I Jet Phi (>= 1 jgt)l
150 S I L = ' F '
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ey e Zle€) + > 2jet(s): Electrons and Zs

Sample size = 300 events MC = Zjj Alpgen
—— E— diem invariant mass (1 track, >= 2 jets)
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- |[pene
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Z(ee) + > 2 jet(s): Electrons and Zs

Sample size = 100 events MC = Zjj Alpgen

[ 13t & 2nd elec pt (= 2 jets) | ZpT (=2]els a
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;;rgerets Z(ee) + 2 Zjet(S): JetS

dim_IhI:_ieLnt_zjti diea_1th:_iet_eta_2iet dien_1 thi_ie¢_ghi_aiet
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2trk

25GeV jets

Z(ee) + > 2jet(s): Jets

All
Jets

Jet pT (== 2 jets)

Jet Eta (== 2 jets)
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1trk
20GeV jets

Z(ee) + > 2jet(s): Jets

‘1 st Jet pT (== 2 jets) |

Lead =
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2trk

25GeV jets

Z(ee) + > 2jet(s): Jets
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Plans

> Switch from JES5.1 to JESS.3
> Data vs MC:;
> need to understand all data features
> Normalize wrt xsection
> Acceptance for different jet multiplicities
> Xsections
> Analysis note Is in preparation
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Z(ee)+X: EM (data)

Averaged EM efficiency w/ o SB subtraction = 88.0% +- 0.3
Averaged EM efficiency with SB subtraction = 88.6% +- 0.3

1D parameterizations (w/o SB subtr): Eta, Phi, pT

et_EM_phi_ojet

o[ e o L [
C — HTT T
+ B T
| =S +.++ L +
= 0.8—
| + B
0.8— -
o7/
%2 ndf 45.43 /13 ol T
0.6—
0.5—
PO G500 <2 (TR %2 1 ndf 34.59 / 25
0.4
0.4 —
poO -0.07406 + 056203
0.3
P4 -0.578B2Z + 0.
p1 0.9688 + 0.5593
0.2— 0.2 B a5 + 0.2
p2 21.35+ 2.99
p6 266 + 214 o1
' S S Y e e e e o w | n||||||||||||||||||||||||||||||||||||||| 07||| L1 11 L1l L1 11 |||||||||
-3 -2 -1 o 1 2 3 o 0.020.040.060.08 0.1 0.120.140.160.18 0.2 30 40 50 60 TO 80
@ Py (GeV)

Flat eta 2D parameterization for pT and phi needed (next slide)
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Z(ee)+X: EM (data)

2D parameterization (w/o SB subtr): pT vs Phi

These plots are used to correct for EM inefficiencies for all jet multiplicities!
O Tt Er2 (31{41y) |

O Tt Eti[2])3314]) | L0 TMath: Exf2) [31H4TY) |

30
p0=-2.34953e-02 p0=-3.61703e+00 p0=-8.69193e-02

p1=1.39917e-01 p1= 3.89949e+00 p1=954774e-01
p2=2.37790e+01 p2=1.36172e+01 p2=1.79537e+01
p3=3.06092e+01 p3= 3.33038e+00 03=580844e-01
p4= -1.34375e+02 p4=1.77957e-01 p4=1.98381e+01
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Z(ee)+X: EM (MC)

Averaged EM efficiency w/ o SB subtraction = 93.2% +- 0.1
Averaged EM efficiency with SB subtraction =93.3% +- 0.1

1D parameterizations (w/o SB subtr): Eta, Phi, pT

efr_Ema_cta_gjet

et1_Ema_pni_oges etT_Emn_pa_ojet

. =
L L - —— B 1
B —+ o1 L L L |
[ == ——r—r= + F -+ *+“"~|»_|_T—|—T |
o.al - | |
- 2 |
: o8l * T J ndf 46.42 F 32
[ 0.8
e-8r PO 0.2534 = 0.0146 1 L +2 ! ndf 37.9 /25
B e 0.0009416 0.0012442 |
| o6l PO -0.05629 = 019277
- 2§ ndf 1417/ 14 - 0.8l
o 9 o 55
3= i L p1 1.002 = 0.192
B | p3 09548 = 0.0007
[ o.al o
= PO 0.9312 + 0.0007 = -0.2935 =+ 0.04 p2 21.63 = 0.99
B 5 0. =0
0.4
0.2 G -0.009342 = O L] 0.2
0.3
ﬂ,z;llll | 111 L1 11 111 L1 11 aIII|III|III|III|III|III|III|III|III|III oLl 11 L1l | Ll 11 | | IIII|IIII
-2 = o 1 -] 3 0 0.020.040.060.08 0.1 0.120.140.160.18 0.2 30 40 50 &0 7O 80
n o P (Ge\)

Flat eta 2D parameterization for pT and phi needed (next slide)
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Z(ee)+X: EM (MC)

2D parameterization (w/o SB subtr): pT vs Phi
These plots are used to correct for EM inefficiencies for all jet multiplicities!
L1 THeth: Exiul2]) (334 | (ot Tth: 2] (33447) | (O] TMath: Erfiu 2] (341) |

p0=6.14594e-02 p0=4.42093e-01 p0=-3.17203e-01
p1=4.05125e-02 p1=8.43046e-01 p1=1.12591e+00
p2=3.12857e+01 p2=2.30857e+01 p2=2.02681e+01
p3=1.89872e+01 p3=7.57404e-01 p3=9.33264e-01

p4=-552882e+01 p4=-3.30983e-03 p4=1.08388e+01

University of lllinois at Chicago

Marc Buehler DO Collaboration Meeting ~ 12-09-04 25



Z(ee)+n Jets: EM (data & MC)

| Data & MC: EM efficiencies vs inclusive jet multiplicity |

E' 96:_ ................. ................. ................. ................. ................. .................

P <N A N W VO N U S After applying the pt/phi

S F * § - parameterized efficiency correction

E % : : : : . : to all samples the following ratio is
2 supposed to take care of the residual
88 inefficiencies due to jet activity:
34:_ ................. S S SR O
of [wdata o | EM_jet_corr (data) = 88.6% 86.3%

| MO ~ Averageof 123 bin: | - 103

80_ ..... — .............. ....... = .- o . ................. .................
1 Data=8ba% EM_jet_corr (MC) = 93.3% 91.6%
(70— o b P MC =814.6% i e
:| l l 1 | 1 L1 l | l L1 1 | l l L1 | L1 l l | L1 1 l | l Ll 1 | 1 l l l = 1 102
0 05 1 15 2 25 3 35 4

# of jets (inclusive)

Jot mult 0 1 2 3 4
Data 88.6+-0.3 86.1+-0.9 85.2+-2.5 87.6+-6.4 -
MC 93.3+-0.1 92.8+-0.2 91.3+-2.3 90.7+-2.3 (88.5+-10.8)
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Z(ee)+X: Track (data & MC)

Eff = 2N_/(N_+N )

| diem invariant mass (1 track, >= 0 jets) |

diem invariant mass

(1

track, >= 0 jets) |

L Entries 14|079
1000 — x2 ¢/ ndt 141 ¢ 50
- pO 7.886e+04 + 1332
L Mass 91.18 + 0.04757
800 — Width(Gauss) 3.84 +0.048
B p2 0.05+1.414
&so0 | pa 0.005 + 1.414
= p5 0+ 1.414
L Exp1 4.802 + 0.2208
400 __ Exp2 -0.02322 + 0.002831
- p8 005 +1.414
200|_ po 0.0001536 + 1.414
Ol i ) SEelmqogmr ok L ottt
Ls] 20 40 [<1s] 80 100 120 140 160 180 200
| diem invariant mass (2 tracks, >= 0 jets)|
E Entries 8590
——— %% ndf 115.7 /50
- N (d ata) po 4.782e+04 + 546
600 |~ D Mass 91.2 * 0.05675
- Width(Gauss) 3.687 + 0.03326
so00l_ p3 o 1.414
F pa 0.005 = 1.414
400 |— p5 o+ 1.414
E Exp1 3.803 + 008951
300 Exp2 -0.02131 * 0.00112
= p8 -0.05 + 1.414
200 — p9 0.0001536 =+ 1.414
w0 —
o i ] et ) PO O STV B
] 20 40 60 80 100 120 140 160 180 200

Eff(data) = 77.4% +- 0.3

G000

C Entries 71222
C % ! ndf 310.7 / 50
5000 N (M C) po 4.351e+05 * 3115
- S Mass 91.13 = 0.02055
- Width(Gauss) 3.937 * 0.02079
4000 — p3 0+ 1.414
= pa 0.005 * 0.8984
3000[— p5 0 + 0.8963
- Exp1 5.416 = 0.1431
- Exp2 -0.01773 * 0.001775
20001 — -0.05 * 1.414
- 0+ 1414
1000 —
Fo | TN DY DI d ot v L L
(o] 20 60 100 120 140 160 180 200

| diem invariant mass (2 tracks, >=0 jets)|
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4000
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2500
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e P ..

Entries 55442
%% ! ndf 201.3 /50
po 3.374e+05 * 2676
Mass 91.16 + 0.02289
Width(Gauss) 3.897 + 0.02283
p3 0+ 1.414
4 0.005 + 0.8984
PS5 0 * 0.8963
Exp1 4.85 + 0.1831
Expz -0.01579 * 0.00224
p8 -0.05 + 1.414
P9 0 1.414

o

100
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Eff(MC) = 87.7% +- 0.1
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Z(ee)+n Jets: Track (data & MC)

|Data & MC: tracking efficiencies vs inclusive jet multiplicity

) o S T T

85 NSSTUIURSSTS YRR S R SET—

Tracking efficiency

8O S— S—— SU— SR S—

U T

zof .| e L i S A

T | — S —— S — — —

0 0.5 1 1.5 2 2.5 3
# of jets (inclusive)

Jt mult 0 1 2
data 77.4+-0.3 74.6+-0.8 74.0+-2.0 Average (data)= 75.3%
MC 87.7+-0.1 86.5+-0.3 87.1+-0.7 Average (MC) =87.1%
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Z(ee)+X: Trigger

Eff(pt) = p0 + p1 * Erf( pt/p2)

I<= w11 Triggerlist I

| Averaggd Effi

94.7% +-0.3
___________________________________ S R =
=7 ndf 20.32719 |
PO -18.97 + 9.46
p1 19.93 + 9.46 |
P2 14.27 + 0.98 | .
56 &0 =6 pT{G'eva}n
"""""""""""""""""""""""""""""""""" dEff|=98 3%+01
2 7 ndf 34.37718 |
PO -88.45 + 58.09 |
p1 89.45 + 58.09
p2 11.16 + 0.80 |

p-.-{Gqu}B
Assuming no dependence of trigger efficiency wrt jet multiplicity (next slide), these
curves are used for all jet multiplicities to correct for trigger inefficiencies.
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Trigger

| Data & MC: trigger efficiencies vs inclusive jet multiplicity |

-
=
=

|

o
0
|

Trigger efficiency

QB[ SRR J—— . R R

gt |

92—

Qﬂ—....1....l....I....I....r....1... """" | """" T T N

# of jets (inclusive)

Jet mult 0 1 2 3
pre-v12 94.7+-0.3 93.7+-0.8 94.0+-1.9 94.7+-3.6
v12 98.3+-0.1 97.2+-0.4 96.0+-1.2 97.3+-2.7
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Z(ee)+X: Z pt correction

After applying all of the corrections from the previous slides we compare the Z pT distribution

between data and MC and derive an additional Z pT correction. This correction is then applied to
the MC to take care of residual kinematic differences between data and MC.
We use this correction for all jetmultiplicity samples!

Z pT (>=0 jets) | Z pT ratio (data/MC) |

i m Data

Error function

| O U U S 1 AUV £ £ OO £

2000_ param eterization for

Z pT ratio:
Ratio(Z pt) = p0 + p1 * Erf( pt/p2)

6.22963e-01
P ; p1=-6.11939e-01
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MC Jet reco scaling factor (J.Heinmiller)

| Data Eff / Monte Carlo Eff vs Z pt Enfrles 1138
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To compensate for the difference between the jet reco efficiency in
data and MC.

University of lllinois at Chicago

Marc Buehler DO Collaboration Meeting ~ 12-09-04 32




